1. INTRODUCTION {#sec1-1}
===============

Inflammation is part of the innate immunity that takes part in the destruction of infectious agents, as well as cancer cells. On the other hand, chronic inflammation is a pathological condition in which the inflammatory state is constantly supported. Such inflammatory conditions may administer or promote oncogenic transformation of the genetic and epigenetic changes in malignant cells. It is believed that inflammatory microenvironment can support tumor progression ([@ref1], [@ref2], [@ref3]), stimulating cell growth and creating opportunity to build up a larger number of mutations in the tissue. Monocytes/macrophages are the most common components of the inflammatory infiltrate in the majority of malignant tumors, and are referred to as tumor-associated macrophages (TAM). Phagocytic infiltrates occur early in a non-invasive tumor stage and progressively increase, with gradual conversion of the M1 form of a pro-inflammatory phenotype into cancer-promotional M2 phenotype. This event directly affects the behavior of the tumor cells, fueling tumor remodeling, immunomodulation, angiogenesis and tumor progression ([@ref4]).

Many cancers grow at sites of infection, chronic irritation, and inflammation. Recent studies point to molecular pathways link between inflammation and cancer, representing the concept that inflammation is a critical component of tumor progression ([@ref5], [@ref6]). Colorectal carcinoma (CRC) is the third most common malignant tumor in human pathology worldwide and the second leading cause of death due to malignant disease ([@ref7]). It occurs in the tissues of the colon, in only partially known complex sequence of molecular events. Chronic inflammatory bowel disease, particularly ulcerative colitis, increases the risk of developing colorectal cancer. According to a meta-analysis of 116 studies, the prevalence of colorectal cancer in patients with ulcerative colitis was 3.7%. The cumulative risk of colorectal cancer as a result of the duration of ulcerative colitis is estimated at 2% at 10 years, 8% at 20 years and 18% at 30 years of the disease ([@ref8]).

2. AIM OF THE STUDY {#sec1-2}
===================

The aim of this study was to evaluate the relationship of markers of chronic inflammation with the stage of and histopathological size of colorectal cancer and to examine the possible role of inflammation in the promotion, progression and metastasis of colorectal carcinoma.

3. MATERIALS AND METHODS {#sec1-3}
========================

This cross-sectional study included 90 patients of both sexes, with clinically and histologically confirmed colorectal cancer, who had been admitted to the Clinic for abdominal surgery of the Clinical Center of the University of Sarajevo (CCUS) for surgical treatment of colorectal carcinoma. All 90 cases were pathologically confirmed as adenocarcinoma. Patients who refused surgical treatment, patients with proven neoplasm on another organ that is not linked to colorectal carcinoma, as well as the patients with active infection were not included in the study. The control group consisted of 30 patients of the appropriate age and gender, without any clinical and laboratory signs of malignant or inflammatory disease.

The study protocol was approved by the Ethics Committee of the Clinical Center of the University of Sarajevo. All participants signed informed written consent after the explanation of the study procedure. The study was conducted in accordance with basic principles of the last revision of The Declaration of Helsinki on the Rights of patients involved in biomedical research.

Blood samples of each patient were preoperatively taken by venipuncture from the cubital vein for the purpose of laboratory measurement of inflammatory serum markers: the erythrocyte sedimentation rate, white blood cells number, the value of C-reactive protein (CRP), fibrinogen and alpha 2 globulins. These parameters are determined by standard laboratory analysis at the Institute of Clinical Chemistry and Biochemistry of the CCUS, on the day of blood sampling on an empty stomach, and before surgery.

Surgical treatment of colorectal cancer was performed at the Clinic of Abdominal Surgery, Clinical Center of the University of Sarajevo, as part of the therapeutic process. Ontological Surgery principle "en bloc" resection of organs with associated lymph-vascular arcade was honored within the operative treatment.

Histopathologic analysis of biopsy samples and resected specimen was performed at the Clinic of Pathology of the CCUS. Microscopic analysis included the determination of: a) histological type of malignoma (categorized according to World Health Organization); b) depth of tumor invasion in the intestinal wall (pT), and c) number of pericolic lymph nodes infiltrated with cancerous tissue. The stages of colorectal cancer are determined according to the TNM classification of the American Committee on Cancer (American Join Committee on Cancer -AJCC) in 2010 ([@ref9]). All patients on the basis of stage of colorectal carcinoma were divided into three groups, with 30 patients: group 1--stage II, group 2--stage III and group 3--stage IV.

Statistical analysis {#sec2-1}
--------------------

All statistical calculations were performed with the MedCalc Software for Windows, version 12.6.1.0 (Mariakerke, Belgium). The distribution of variables was tested by Kolmogorov-Smirnov or Shapiro-Wilk test. Values with normal distribution were expressed as mean±standard deviation, while those without normal distribution were expressed as median and interquartile range. Student's t-test (for variables with normal distribution) and Mann Whitney U test (for variables without normal distribution) were used to compare mean values between two groups. ANOVA and Kruskall-Wallis test was used for statistical evaluation of more than 3 groups. Correlation of monitored variables is determined by Spearman. P-values less than 0.05 were considered statistically significant.

4. RESULTS {#sec1-4}
==========

Clinical and histopathologic colorectal cancer is more commonly confirmed in older people (mean age was 66.2 (range 47-78) years at the time of surgery) of which 60% were male. Adenocarcinoma was found in 100% of cases, predominantly grade 2. According to the depth of tumor invasion of the intestine, histopathological pT3 is the most common (63.3%), while pT2 is the least common (8.9%).

Analysis of chronic inflammation parameters through the stages of colorectal cancer progression shows an evident increase of monitored parameters with the progression of the disease ([Table 1](#T1){ref-type="table"}). The values of inflammatory markers C-reactive protein and alpha 2 globulin serum, as well as plasma fibrinogen concentration in the second stage of colorectal carcinoma are significantly different in comparison with the healthy control group (p\<0.05).

###### 

The values of the parameters of inflammation in control group and in different stages of of colorectal carcinoma (CRC). Data are presented as median and interquartile range. ESR, erythrocyte sedimentation rate; WBC, white blood cells; CRP, C reactive protein; \*--Significant difference between the control group and second stages of CRC; †--Significant difference between II and III stages of CRC; ‡--Significant difference between III and IV stages of CRC; I -- Significant difference between II and IV stages of CRC.
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A significant difference in a number of WBC (p \<0.05) and the value of CRP in serum (p \<0.001) between the second and third stages of malignant diseases of the colon is observed, while between the third and fourth stages, and between the second and fourth stages of colorectal carcinoma there is a significant difference between all markers of inflammation (p \<0.01) ([Table 1](#T1){ref-type="table"}).

From analyzed parameters of inflammation by depth of tumor invasion in the intestinal wall (pT), the values and CRP in serum showed consequently an increase with the depth of tumor invasion of histologically T2 to T4 tumor size ([Table 2](#T2){ref-type="table"}). Erythrocyte sedimentation rate was significantly higher in pT4 tumor size compared to pT3 (55 (33-75) vs 38 (17-56) mg / L, p = 0.012) as well as in comparison to pT2 tumor size (55 (33-75) vs. 30.5 (12-54.5) mg / L, p = 0.014), while between pT2 and pT3 there was no statistical difference in this parameter (p = 0.478). And the serum concentration of C-reactive protein in patients pT4 group was significantly higher than the concentration of the biomarkers of the pT3 groups (29.7 (14.7-50) vs. 19 (6-44) mg / L, p = 0.029), and pT2 group (29.7 (14.7-50) vs 17.75 (7.3-20.25) mg / L, p = 0.012) ([Table 2](#T2){ref-type="table"}).

###### 

The parameters of inflammation of respondents by the depth of tumor invasion in the intestinal wall (pT). Data are presented as median and interquartile range. ESR, erythrocyte sedimentation rate; WBC, white blood cells; CRP, C reactive protein. pT2, tumour invades muscularis propria; pT3, tumor invades serosis; pT4, tumor invades adjacent organs or breaks visceral peritoneum. \*--Significant difference between pT4 and pT3 group; †--Significant difference between pT4 and pT2 group.
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All monitored parameters of inflammation in serum of the patients with metastatic form (M1) of colorectal cancer were significantly higher compared to the patients with colorectal cancer without the existence of metastasis (M0) ([Table 3](#T3){ref-type="table"}). There was a significant statistical difference in mean erythrocyte sedimentation rate (p = 0.001), WBC count (p \<0.001), the concentration of CRP (p \<0.001), fibrinogen (p \<0.001), and alpha2 globulin (p \<0.001).

###### 

The differences in the parameters of inflammation in patients without and in patients with metastatic form of colorectal carcinoma. Data are presented as mean±SD or as median and interquartile range; M0, without metastatic disease; M1, with metastatic disease.
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It was found that the stage of colorectal cancer significantly and positively correlated with markers of inflammation, including: erythrocyte sedimentation rate (r = 0.573, p \<0.001), WBC (r = 0.400, p \<0.001), CPR value (r = 0.783, p \<0001), fibrinogen (r = 0.601, p \<0.001) and alpha 2 globulins (r = 0.656, p \<0.001) ([Table 4](#T4){ref-type="table"}). The size of the tumor (pT) significantly positively correlated with ESR (r = 0.216, p\<0.05), the number of leukocytes (r = 0.207, p \<0.05) and CRP (r = 0.249, p \<0.05).

###### 

Correlation of monitored biomarkers with the stage and the histopathologic size of colorectal carcinoma. r -- koeficijent korelacije; \*p\<0.05; \*\*p\<0.001
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5. DISCUSSION {#sec1-5}
=============

Previous studies have shown that the strongest association of chronic inflammation with the malignant disease is expressed in colon carcinogenesis, particularly in patients with inflammatory bowel disease, for example, chronic ulcerative colitis and Crohn's disease ([@ref10]). The molecular mechanisms by which the inflammation promotes cancer development are still uncovered and may differ between colitis-associated cancer (CAC) and other forms of colorectal cancer ([@ref11]).

The concept suggesting that inflammation is a critical component in tumor progression is the result of the fact that many cancers arise from the site of infection, chronic irritation, and inflammation ([@ref12]). There is evidence suggesting that the tumor microenvironment, which is largely influenced by inflammatory cells, is an indispensable actor in the neoplastic process, in fostering proliferation, and survival and migration of tumor cells. In addition, the tumor cells have some co-opted signaling molecules of the innate immune system, such as selectins, chemokines and their receptors for invasion, migration and metastasis, which has enhanced new therapeutic approaches to cancer development.

This research revealed that the highest number of patients with clinically and histologically confirmed colorectal cancer are male (60%), median age 66.2 years (range 47-78 years of age), which is consistent with the data of the published studies ([@ref13], [@ref14]). It is believed that chronic inflammation is most strongly associated with the development of colorectal cancer in the elderly population. The risk of occurrence and development of colorectal cancer increases greatly after 50 years of age. Therefore in many countries the recommended screening programs exist for people older than 50 years of age ([@ref15], [@ref16]).

Our research identified statistically significant differences in the values of markers of inflammation: ESR, CRP, fibrinogen and alpha2 globulin between the control group and the patients with the second stage of colorectal cancer (p \<0.01). An increase of all monitored inflammatory markers was observed with the disease progression, including the determined significant differences between third and fourth, and the fourth and second stage of colorectal cancer (p \<0.001), indicating the presence and influence of chronic inflammation in the pathogenesis of this malignancy. In addition, serum CRP proved to be the constant biomarker of the disease progression, as it progressively significantly increased with the increase of the disease stage. In evaluating the level of serum CRP during colorectal carcinogenesis, Italian authors Biasi and colleagues also found an increase in levels of CRP in the serum of patients with colorectal cancer, particularly in the second and third stages of the disease ([@ref14]). In this research, it was also revealed that the markers of inflammation were significantly positively correlated with the stage of colorectal cancer (p \<0.001). Erlinger *et al*. ([@ref17]) showed a significant association between baseline C-reactive protein levels and the subsequent risk of colon cancer in a case-control study within the CLUE II cohort, and a prospective study was conducted to find clues to prevent cancer and heart disease. Otani *et al*. ([@ref18]) in a large Japan Public Health Center-Based Prospective Study also found a significant association of plasma levels of C-reactive protein and the subsequent risk of colon cancer. The results of this study also showed that plasma C-reactive protein was associated with the intramucosal rather than the invasive type of colon cancer. In contrast, the study found that the values of ESR and CRP levels progressively increased with the depth of tumor invasion in the intestinal wall of T2 to T4 tumor size and were significantly highest in patients with T4 tumor size, or in patients with the tumor penetration through the wall of the visceral peritoneum.

It was also found that the patients with metastatic form (M1) of colorectal cancer have a significantly higher value of chronic inflammation markers in the serum (p \<0.001), indicating that the increase in the index of inflammation significantly contributes to increasing the size of colorectal cancer and its metastasis. This finding supports the significance of chronic inflammation in occurrence and progression of colorectal cancer. Inflammatory infiltrates occur in the early, non-invasive tumor stage. Stimulated by inflammation, the colon cancer cells may secrete the cytokines involved in the tumorigenesis in the colon, with the increase of angiogenesis ([@ref19]) and metastatic progression of tumors ([@ref20]). Cell proliferation, that contributes to DNA damage and / or mutagenic attack, creates a microenvironment rich in inflammatory cells and growth factors that support their growth ([@ref21]). In this regard, tumors act as wounds that are not healed.

6. CONCLUSION {#sec1-6}
=============

The results provide evidence that all monitored serum markers of inflammation show an increase along with an increase in the stage of colorectal carcinoma, the depth of tumor invasion of the wall intestine and the metastasis of the disease. The most consistent marker of chronic inflammation that accompanies the progression of colorectal carcinoma is CRP. This biomarker showed significant correlation with the size and stage of colorectal carcinoma, which highlights the importance of the location and CRP in the follow-up of colorectal carcinoma. These data support the hypothesis that inflammation is a risk factor for the development and progression of colon cancer.
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